Introduction
COPD is a common, preventable, and treatable disease that is characterized by persistent respiratory symptoms and airflow limitation that is due to airway and/or alveolar abnormalities usually caused by significant exposure to noxious particles or gases. 1 There is a high and growing prevalence of COPD globally and notably over the past 2 decades; prevalence has increased more rapidly among women than men. 2 Although the data vary greatly depending on the survey methods, analytical approaches, and other factors, 3 the estimated worldwide prevalence of spirometry-defined COPD was 11.7% in 2010. 4 COPD is a major cause of chronic morbidity and mortality, and in Sweden, life expectancy of patients with COPD is on average 8 years shorter than that in the general population, with all-cause mortality being 3.5 times higher. 5 COPD is often associated with significant comorbidities including cardiovascular disease, diabetes, hypertension, depression, anxiety, and osteoporosis.
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lisspers et al COPD and family caregivers) and employer-related costs (lost productivity through work absenteeism, impaired work performance). 9 Indeed, indirect costs (absence from work, early retirement) of COPD in Europe in 2011 were estimated to be greater than direct costs, amounting to €25.1 billion. 3 A majority of patients with COPD in Sweden are managed in PC. 10 During an acute exacerbation, patients present at their primary health care center or at the hospital emergency department. 11 Most PC centers in Sweden have spirometers and specialized asthma/COPD nurses who provide customized care. 10 Annual societal costs of COPD in Sweden in 2010 were estimated at €1.5 billion, and similar to the picture globally, indirect costs were higher than direct costs of the disease, accounting for 65% and 35% of the total costs, respectively. 12 It is important to better understand the economic burden of COPD in Sweden regarding direct and indirect cost drivers, particularly how these costs differ between patients with/without COPD. This knowledge is essential to inform policy decisions regarding strategic planning, management, and allocation of resources; estimating the health care costs associated with the various components of COPD helps decision makers target necessary interventions to those areas with the potential for greatest impact on overall diseaserelated costs. 13 The aims of this study were to assess the direct and indirect costs associated with COPD in Sweden and to examine how these costs vary across time, age, and disease severity in patients with COPD and matched controls in a PC setting.
Patients and methods study design
This was a real-world, retrospective, observational cohort study of patients with COPD managed in PC in Sweden and an age-and sex-matched reference population. Ethical approval of the study was received from the local ethical regional board in Uppsala, Sweden (number: 2014-397). All data were de-identified, and therefore, patient consent was not required by the ethics committee.
Following ethical approval, data from electronic medical records (EMRs) were collected for patients ( 14 which comprises sociodemographic data, including educational level, marital status and family situation, occupational status, retirement, economic compensation, and social benefits; 2) the National Patient Register, 15 which contains data relating to diagnosis (ICD-10 code and associated position), surgery, sex, age, region, hospital visits, specialty visits, hospital admissions and discharges, and medical procedures and surgeries performed in the inpatient and outpatient specialist settings; 3) the National Prescription Register, 15 which tracks the full details of all dispensed medications (ATC codes) in Sweden including brand name, prescription date, dose, strength, pack size, specialty of the prescriber, and costs associated with the drug prescription; and 4) the Cause of Death Register, 15 which houses information relating to sex, date of death, and underlying cause of death.
study patients
Patients aged $40 years who had received a physician's diagnosis of COPD (ICD-10 J44) in PC (EMR database) or patients who had received a physician's diagnosis of COPD either in primary or secondary care (with or without a physician's diagnosis of asthma, ICD-10 J45/J46) were eligible for inclusion. To compare direct and indirect costs between COPD and non-COPD patients, a reference population from the same PC centers was selected with a maximum of five patients for each COPD patient by using an age class of 1 year, sex, and year of COPD diagnosis (index year) as the classifying variables. The index year for patients in the reference population was assigned by calculating the length of the follow-up and assigning a random date (index date) within this time period. The year of the index date was used as the classifying variable for the index year for patients in the reference population to allow matching with the COPD patient population. All matching was performed after creation of the final research database.
Outcomes
Outcomes were direct costs on health care resource utilization (HCRU; COPD-related or -unrelated costs, drug costs, 
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economic burden of COPD in a swedish cohort outpatient/inpatient costs, and PC costs) and indirect costs measured through loss of income in patients with COPD. Sick leave .14 days, receipt of social welfare benefits, and yearly income were also compared between the COPD patient and reference populations. Average exacerbation costs for moderate and severe exacerbations were calculated based on HCRU during 14 days after occurrence of an exacerbation event. Moderate exacerbations were defined as those requiring visits to a PC center and/or collection of oral corticosteroids or antibiotics targeted at respiratory diseases. Severe exacerbations were defined as those necessitating hospitalization due to COPD exacerbation in a secondary care center and/or emergency visits (outpatient hospital care). Recurrent exacerbations occurring within 14 days were considered as one unique event. If a patient experienced a severe exacerbation within 14 days of a single moderate exacerbation, the exacerbation was categorized as a severe exacerbation. Maintenance costs were calculated, defined as non-exacerbation-related COPD costs after the exclusion of COPD-related drug costs and annual moderate and severe exacerbation costs per patient. Maintenance costs comprised COPD-related hospital nights, hospital visits, and physician and nurse visits and comorbidity-related drugs, hospital nights, and hospital visits.
statistical analysis
The statistical analysis software used was "PC SAS for Windows Version 9.3 (or higher)". Patient demographics were described for COPD patients and the reference population. The analysis for comparing costs between groups was done by an analysis of covariance with sum of the costs as the dependent variable and subgroup, age, and sex as covariates. Frequencies (eg, comorbidities) between groups were compared using the chi-square test. No correction for multiple comparisons was done, but all interpretations of results included both the p-value and medical judgments of the absolute difference between the groups. The indirect costs were calculated as "loss of income", ie, the average income of the reference population minus the observed average income in the COPD population where sick leave and early retirement were taken into consideration.
A sample size calculation conducted prior to the study indicated that 13,800 patients were required to detect a 4% difference between groups, with a power of 80% and an alpha level of 5% in a two-tailed test.
HCRU in terms of respiratory drug prescriptions and other drug prescriptions, hospital nights and hospital visits, physician visits and other HCP visits, income, welfare, and sick leave .14 days were each reported descriptively and stratified by disease status (COPD or reference population), disease severity, age group, and exacerbation phenotype (frequent exacerbators who experienced two or more exacerbations per year or non-frequent exacerbators who experienced less than two exacerbations per year). Both HCRU and productivity loss (loss of income from work) were calculated for each disease stage, compared across the disease stages and compared with the reference population by using individual values. Analysis of variance (ANOVA) was used for age, number of hospitalizations, and inpatient and outpatient visits. The chi-square test was used for categorical variables, eg, sex, percentage of patients with prescriptions, and percentage of patients with hospitalizations.
The frequencies of comorbidities were calculated relative to the index date. An overall measure of comorbidities was calculated by the Charlson Comorbidity Index. 16 Comorbidities were presented as the percentage of patients afflicted by various comorbidities. Prescriptions were calculated as the percentage of patients with a prescription in a 2-year period prior to the index date.
Results
Patients' demographics
A total of 18,586 patients with COPD listed in EMRs were preliminarily identified as eligible for inclusion in the study, with 291 patients excluded as they were diagnosed with COPD before 40 years of age. Following case-control matching, there were 17,479 patients with COPD (COPD population) and 84,514 control patients (reference population). Baseline characteristics for both study populations are presented in Table 1 . The mean age of patients was 65 years, with a higher proportion of females (56.5%) to males (43.5%). The COPD population had a significantly greater number of comorbidities compared with the reference population, and there were significantly higher levels of HCRU and medication use among the COPD population compared with the reference group (Table 1) .
Total direct and indirect health care costs
Direct health care costs stratified by COPD and reference populations during 2013 (the year with the most recent complete data set) are reported in Table 2 and Figure 1 . Total direct health care costs were higher for the COPD patient population (€13,179) compared with the reference population (€2,716; 2013 exchange rate, 8 Swedish krona to 1 euro). Direct costs for the COPD population were driven largely by the higher costs associated with non-COPD-related nights (Figure 1 ). Direct costs increased with increasing disease severity during 2013 and were driven by higher costs for respiratory drugs and hospital nights unrelated to COPD (Figure 2 ).
Direct costs increased with age during 2013 and were lowest in the 45-,50-year age group and highest in the 85+ year age group (Figure 3) . Costs for hospital nights for reasons not related to COPD were the greatest cost driver among the age groups. These direct costs increased with age, with the lowest costs in the 45-,50-year age group and the highest costs in the 85+ year age group (Figure 3) .
COPD patients classed as frequent exacerbators had considerably higher direct health care costs at all time points compared with non-frequent exacerbators (Figure 4) , with costs of €23,939 and €9,487 attributable to frequent and non-frequent exacerbations, respectively, during 2013.
Indirect costs (loss of income) were the largest single financial burden for COPD patients of working age (aged Includes but not limited to angina pectoris, acute myocardial infarction, other acute ischemic heart diseases, and chronic ischemic heart diseases, I20-I25.
e Includes hypertensive heart disease, hypertensive renal disease, hypertensive heart and renal disease, primary hypertension, and secondary hypertension, I10-I15. Figure 3) . The 50-,55-year age group experienced the greatest economic burden with total costs amounting to an average of ~€36,000 per patient (~€28,000 indirect costs and ~€8,000 direct costs).
A comparison of incomes revealed that the reference population had higher levels of income that increased over time compared with the COPD population whose income levels remained static over time ( Figure 5A) . A more than twofold difference was observed in the annual income between the COPD and reference populations during 2013 (€12,878 vs €29,686, respectively). The COPD population had a higher average number of sick days than the reference population ( Figure 5B) . A higher percentage of the COPD population received social welfare income compared with the reference population, although little change was observed over time in the proportion of patients in either population receiving social welfare ( Figure 5C ).
The detailed costs of exacerbations per occurrence during 2013 are reported in Table 3 . A major driver of total direct costs was the cost of severe exacerbations. In addition, the cost of severe exacerbations increased with disease severity.
Non-exacerbation-related maintenance costs during 2013 are reported in Table 3 . Costs were similar for the mild, moderate, and severe COPD populations, with costs for the very severe COPD population being marginally higher.
Discussion
This study has demonstrated the significant economic burden of COPD in patients from 52 PC centers across Sweden, consistent with the global picture, 17 with the poor health of COPD patients reflected by the magnitude of the direct and indirect health care costs associated with these patients. Total direct costs were considerably higher among the COPD patient population compared with the reference population, with an approximate fivefold difference between the two populations. These direct costs, driven largely by hospital nights that were related to comorbidities, increased with age and with disease severity. Indirect costs were the single largest economic burden in COPD patients of working age.
This real-world study has provided a unique insight into the economic consequences of COPD in Sweden using a large sample size of high-quality national registry data from PC to evaluate the direct and indirect costs associated with COPD. In agreement with this study, a considerable number of studies have reported that COPD is a significant societal economic burden, associated with increased HCRU and higher health care costs, among COPD population versus control population. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] As in our observations, previous studies have reported that key drivers for higher direct costs of COPD include inpatient hospitalizations 12, 17, 22, 24, 26, 28 and increased medication use. 12, 17, 18, 24 Further contributory factors to higher direct costs in COPD patients are comorbidities 17, 19, 23, 27 and hospital admissions resulting from comorbidities. 29, 30 A previous population-based study conducted in Sweden also found that the total health care costs (for both respiratory and non-respiratory diseases, ie, comorbidities) were higher among COPD patients compared with non-COPD patients. 31 Moreover, hospitalizations were more frequent and contributed to higher costs not only for respiratory but also non-respiratory conditions among the COPD population. Furthermore, hospitalization due to comorbid diseases was the main cost driver among COPD patients. 31 Our results also highlight the important contribution of comorbidities to direct COPD costs. As the prevalence of comorbidities in patients with COPD is high, 6 it would be negligent to disregard the potential impact of comorbidities on COPD health care costs. Reducing the risk of comorbidities and managing them more effectively would not only be of clinical benefit for the patients but should also relieve the financial burden of disease. The current findings support previous studies that have reported higher direct costs with increasing severity of disease. 17, 24, 33 Earlier diagnosis and management of COPD would not only benefit patients but also reduce the economic burden of disease by interrupting the progression of mild and moderate COPD patients to severe stages of disease. 33 This is supported by a Swedish burden of illness study that showed that total annual costs per patient with severe COPD decreased from 1999 to 2010, most likely due to a decreasing number of exacerbations, whereas annual costs per patient with mild or moderate COPD rose due to earlier diagnosis and treatment. 12 Another previously published Swedish study also supports our results, showing that direct costs increased with increasing disease severity (ie, Global Initiative for Chronic Obstructive Lung Disease [GOLD] stage) among COPD patients. 31 Exacerbations represent a significant economic burden on health care systems, with costs varying according to the frequency and severity of the exacerbation. [34] [35] [36] Our study observed that frequent exacerbators had considerably higher direct health care costs versus non-frequent exacerbators, and the cost of severe exacerbations showed an overall trend toward an increase with disease severity. This is supported by comparable maintenance costs excluding exacerbations for all stages of disease severity. The blueprint for the successful management of exacerbations does exist already in Sweden, with a clear relationship between exacerbation rate and the presence of specialized asthma/COPD nurses within Swedish PC centers previously reported. 10 The exacerbation rate was more than twice as high in those centers without the services of a specialized nurse. 10 Earlier access to treatment, newer treatment options, greater patient reassurance, and earlier diagnosis of COPD may all improve management of exacerbations. 5, 10 Furthermore, the large, retrospective, observational PATHOS study found that primary health care centers with a dedicated asthma/COPD clinic reported fewer COPD exacerbations and substantially reduced overall treatment costs. 37 More widespread access to asthma/COPD clinics within PC centers across Sweden could lead to improved exacerbation management, reducing both the clinical and economic burden of COPD. This is the first study to provide an accurate measure of the indirect costs per patient associated with COPD in Sweden using EMR data linked to national health registers. Previous approximations of the annual economic burden of COPD in Sweden perhaps underplay the full contribution of indirect costs to total costs. 3 Our study found that indirect costs (via loss of income) were approximately threefold higher versus direct costs in COPD patients of working age. Patients with COPD also had a larger number of sick days, received more social benefits, and earned a lower annual income than the reference population. Productivity loss due to work absenteeism and premature retirement are key drivers for higher indirect costs. 9, 12, 19, 25 A previous health economic study conducted in Sweden also demonstrated that the indirect costs account for ~65% of the total costs, and the main cost drivers were productivity loss due to sick leave (for mild COPD) and early retirement (all other severity stages). 12 Identifying strategies aimed at the prevention and early diagnosis of COPD may help patients continue to work and help mitigate costs, such as smoking cessation initiatives in the workplace, greater coordination of COPD management between employers and health care providers, and pulmonary rehabilitation programs. 9, 17 Determining indirect costs associated with COPD can be challenging, 9 but it is clear that There are a number of important strengths of this study. The large sample size (including patients across the COPD classification spectrum), PC setting, and real-world study design provide data that are highly reflective of the general population. [37] [38] [39] The comprehensive range of outcomes measured and the extended assessment period (2000-2014) Figure 5 Yearly income in euros (€; A), number of sick days per year (B), and proportion of patients receiving social welfare each year (C), stratified by the COPD and reference patient populations. Note: Social welfare included health insurance, benefits in respect of accidents at work or occupational diseases, disability benefits, old-age and survivors' benefits, unemployment insurance and family benefits, compensation for unemployment, sick leave support, early retirement, and support to rent an apartment.
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economic burden of COPD in a swedish cohort generated robust economic data for COPD patients and matched controls across time, age, and disease stage. Finally, this study has recognized the importance of indirect costs in the economic burden of COPD on the Swedish society.
This study also has limitations. The retrospective design of the study means it may be subject to bias and confounding. Study results for absolute cost have limited generalizability outside of Sweden as cost structures, prices, and provision of PC differ between countries. Although extensive outcomes were measured, they were not exhaustive, and so some cost sources could have been missed (eg, personal care costs and costs attributable to family caregivers). The reference population was identified from patients without COPD who needed to attend the study PC centers rather than from healthy individuals in the general population.
Conclusion
The largest direct cost for COPD patients in this real-world Swedish study was hospital nights unrelated to COPD. Management of comorbidities in COPD patients is an important area of attention. A major driver of total direct costs is the cost of severe exacerbations. A reduction in exacerbations could therefore lead to economic benefit. Indirect costs represent the largest economic burden associated with COPD patients of working age.
As indicated by the study results, COPD presents a large economic burden. Hence, it is of utmost importance to increase awareness about COPD and to support primary and secondary prevention to reduce the growing prevalence of COPD in the society and to diagnose the disease at an early stage in patients who show signs and symptoms of COPD. 
Disclosure
Karin Lisspers has received honoraria for educational activities and lectures from AstraZeneca, GlaxoSmithKline, Novartis, MEDA, and Takeda and has served on advisory boards arranged by MEDA and Novartis. She has also participated in the steering committee for this study funded by Novartis. Kjell Larsson has, during the last 5 years, on one or more occasion served in an advisory board, served as a speaker, and/or participated in education arranged by AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline, Takeda, Novartis, Chiesi, Orion and Teva. Gunnar Johansson has participated in the steering committee organized by Novartis for this study and served on advisory boards arranged by Astra Zeneca, Novo Nordisk, and Takeda. Moderate exacerbation is defined by visits to PC (ICD-10: J44) and/or collection of oral corticosteroids (aTC h02aB) or antibiotics targeted at respiratory diseases (aTC J01aa/J01Ca). Moderate exacerbation cost comprises outpatient visits, nurse visits, physician visits, oral corticosteroids, and antibiotics targeted at respiratory diseases during 14 days after the exacerbation occurrence.
b Severe exacerbation is defined as hospitalization due to COPD exacerbation in secondary care (ICD-10: J44.1) and/or emergency hospital visits (J44.1). Severe exacerbation cost comprises cost of hospital nights, outpatient visits, nurse visits, physician visits, oral corticosteroids, and/or antibiotics targeted at respiratory diseases during 14 days after the exacerbation occurrence. Christer Janson has received honoraria for educational activities and lectures from Novartis, AstraZeneca, GlaxoSmithKline, and Boehringer Ingelheim outside the submitted work. Björn Ställberg has received honoraria for educational activities and lectures from AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline, Novartis, MEDA, and TEVA and has served on advisory boards arranged by AstraZeneca, Novartis, GSK, Boehringer Ingelheim and MEDA. Florian S Gutzwiller, and Jean-Bernard Gruenberger are employees of Novartis Pharma AG. Madlaina Costa-Scharplatz is an employee of Novartis AB. Milica Uhde and Leif Jorgensen are employees of IQVIA, who received remuneration in relation to statistical analysis. The authors report no other conflicts of interest in this work.
